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PRODUCIBILITY

OBJECTIVE
Much attention is focused on the development of producible designs during the acquisition process.  This

chapter builds on a definition of producibility and its relationship to the engineering design process.  Approaches
to the contractual implementation of producibility provide a basis for integrating Producibility Engineering and
Planning into the acquisition process.  The chapter also provides a framework for evaluation of the prime
contractor’s producibility program and organization and a description of the Value Engineering process and its role
in producibility.

INTRODUCTION
Producibility is an engineering function directed toward achieving a design which is compatible with the

realities of the manufacturing capability of the defense industrial base.  More specifically, producibility is a
measure of the relative ease of producing a product.  Producibility is a coordinated effort by design engineering and
manufacturing engineering to create a functional design that can be easily and economically manufactured.  The
product must be designed in such a manner that manufacturing methods and processes have flexibility in produc-
ing the product at the lowest cost without sacrificing function, performance, or quality.  Producibility also supports
the Total Quality Management (TQM) objectives by minimizing the likelihood of defects and establishing
compabitility between the engineering design and the manufacturing processes.

Recently producibility, as a function, has received greater attention both in commercial industry and in
defense systems programs. Department of Defense policy on major system acquisitions has made producibility
considerations a requirement prior to the start of FSD, possibly as early as concept exploration validation phase if
the program plans call for production.  Additionally, a growing number of industrial firms have initiated formal
producibility functions.

Systems design and manufacture should incorporate a structured producibility program.  History has
demonstrated that as the complexity of systems increases, so does the acquisition cost.  Therefore, producibility
programs are imperative as a management means for assuring that practicality is addressed and that the cost
increases associated with the growing complexity of systems are minimized.  It should be recognized that the
producibility analysis accomplished by the PMO must be performed by a team of specialists assembled from the
program office and supporting organizations.  One functional organization cannot possibly accomplish the total
producibility effort without assistance from other functional organizations.  Consequently, the PMO approach to
organizing for producibility is of prime importance to a successful defense system.

Basically, the program manager has responsibility for assuring that producibility is an integral consider-
ation during the design process.  Generally, the discharge of that responsibility involves the following basic
elements:

1) Establishing producibility requirements in acquisition strategy and in system development contracts ensuring a
producible design, selection of available industrial base resources, and availability of qualified production
processes;

2) Creating support for producibility efforts throughout the entire acquisition process;

3) Ensuring that sufficient attention is given to technical areas involving risk and needing corrective action;

4) Reviewing designs for attained producibility; and

5) Evaluating the contractor’s producibility program to ensure a continuum throughout development, production,
and operational support.
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While evaluating contractor’s producibility program, the data and documentation demands placed on the
contractor should be held to a minimum.  Evaluations should make use of contractor’s internally prepared informa-
tion required in the execution of his producibility efforts and design review process.  Specific information about
requirements is discussed in succeeding paragraphs along with contractor producibility activity and approaches to
the design review process.  Of the five elements listed above, the program manager support of producibility may be
the most critical in achieving a successful producibility program.

Generally, the prime contractor attempts to respond to all of the requirements of the contract, but the
degree of emphasis and management attention is a function of the perception of the priorities of the PM.  Design
for producibility revolves around communication.  If the contractor believes that the requirement for producibility
has a very low priority, the emphasis will be minimal.  In the typical system design environment, where
producibility is not strongly supported, the need to create a design which meets performance goals, (within the
available funding and development schedule), can motivate the contractor to structure a producibility program with
form but little substance.  If the beneficial effects on the design process, unit production cost and system
producibility are to be realized, the program manager will need to emphasize producibility activity and be willing
to allow time and funds for the accomplishment of design trade studies which are the foundation of the
producibility effort.

RELATION TO ENGINEERING ACTIVITIES
During the creation of a design, the primary objective is to satisfy the specific functional and physical

objectives established in the requirement documents.  Coordination of design engineering with manufacturing
engineering is effective in creating a functional design:  a product designed in such a manner that manufacturing
methods and processes allow for flexibility in producing the product at the lowest cost without sacrificing perfor-
mance or quality.  The development of a successful producibility program is dependent upon the ability of the PMO
to integrate the producibility task into the mainstream of the acquisition program.

The requirement documents establish, for the designer, what the system must accomplish.  These state-
ments are the performance objectives for the system.  Subsequent statements in the requirements document
describe the physical, functional, and support framework for the system.  These statements operate as constraints
on the design.  The relationships between the performance objectives and the constraints establish the potential
standards of producibility for the design.  If the statements of constraints rigidly specify the system, subsystem,
component, materials, and manufacturing processes, the producibility of the design is essentially predetermined
(even though it may not have been a primary consideration in establishing the specification).  The issue of design
producibility and capabilities of the production system should be specifically considered when the PMO is tailoring
the system specification and other contractual requirements for the development contract.

The statement of physical characteristics for the system reflects the first constraints placed upon the
designer.  The statements may include the elements shown in Figure 7-1.
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These characteristics place constraints upon the level of producibility that can be attained.  (The system
might, for example, be more simply designed and more easily fabricated if the weight limitations could be in-
creased by 5%.) Regardless of the degree of complexity of an item, the objective of a balanced design is to create an
item that will satisfy all of the specified performance and physical objectives and concurrently maximize
producibility.  Certain design practices can make a substantial contribution to attaining a high level of
producibility in the system.  Among these are the following:

a) Simplicity of Design:  Eliminate components of an assembly by building their function into other components
or into integral components through application of unique manufacturing processes.  In one case, the objective
may involve working with the design engineer to identify and eliminate excess components.  In another case,
the focus may be on working with a manufacturing engineer to combine components.

b) Standardization of Materials and Components:  A wide variety of off-the-shelf materials and components are
available.  When these items are incorporated in the design, cost is generally reduced and parts availability
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greatly increased.

c) Manufacturing Process Capability Analysis:  Determinations of the available manufacturing capacity, and its
capability to produce the desired end item without special controls, is a critical activity in the producibility
analysis.  This normally includes analysis of the degree of process variability, the causes of variability and the
definition of methods to reduce it.

d) Design Flexibility:  The design should offer a number of alternative materials and manufacturing processes to
produce an acceptable end item.  Unwarranted limitations of materials or processes seriously constrain the
producibility analysis.

CONTRACT IMPLEMENTATION

Designing for Producibility
The contract should include specific requirements for the integration of producibility considerations into

the design process.  During each stage of development, an organized and systematic pattern of events must take
place if a design is to meet fully all of its objectives.  Implicit in these objectives is the requirement that a design
achieve the highest possible degree of producibility.  However, producibility goals are rarely defined in documents
describing the end item.

No fixed pattern of producibility activity is applicable to all design programs.  The specific sequence and
nature of events must be governed by factors such as system complexity, the extent to which new processes and
techniques are to be employed, the structure of the design organization, program schedule, and other variables.
Even with an effective approach, the design effort must remain an iterative process in which all the principal steps
must be followed if an optimized design is to be achieved.  There is a substantial constraint on this iterative process
in most programs because manufacturing schedules are based on a time limit on the release of the design.

As conditions depart from ideal, increasing consultation among the various specialists contributing to the
design is needed.  Regardless of the design structure, it is imperative that all of its special aspects be considered
simultaneously throughout the entire design cycle.  Only with such recurring attention can optimum results be
achieved.

The design process can be modeled as sequential steps as shown in Figure 7-2.  The process is not a one-
pass operation but is a chain of iterative loops and interactions.  With a number of possibilities to consider, analysis
is required to choose the approach that shows the greatest promise.  The nature of the particular problem may
dictate that several approaches be developed in parallel; however, the steps remain the same.  This phase requires,
as a minimum, the analysis of four items:  (1) risk involved in design alternatives; (2) function versus cost; (3)
schedule versus cost; (4) and components required versus manufacturing capability.

Schedule is very much a producibility factor. An end item that must go into production in six months
cannot use a production technique that will not be available for one year. However, a possible trade-off  of a
potential manufacturing development with substantial cost savings may justify rescheduling.

In analyzing components for manufacturing capability, the contractor should be considering factors such
as:

1. Will the item be manufacturing in the United States or overseas?

2. Will a commercial component be available several years from now, or does the design specification greatly
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limit future off-the-shelf procurement, thus reducing its cost effectiveness?

3. Is the component material on the critical list?

4. Are special tools or skills needed?

5. Have unnecessary functions and costs been eliminated?

When these preliminary analyses have been made and the approaches have been given a relative cost-
effectiveness rating, the approach to be developed can be selected.  Relative ratings and the peculiarities of the
specific problem, schedule, funds, etc., will determine whether one or more approaches should be carried further in
the design process.

Concern for producibility must be exercised at the start of the concept exploration phase and will influ-
ence the entire design effort from that point on in every item of the life cycle.  Inherent producibility limitations
must be recognized and addressed at each stage of the life cycle process. Broad producibility considerations might
include the selection of materials and manufacturing processes. The iterative design process mapped in Figure 7-2
is filled with decision points, each of which permits a potential trade-off against some other requirement.  How-
ever, all demands upon the system such as reliability, availability, maintainability, safety, or producibility heavily
interact with each other throughout the design process, creating the need for trade-offs.

Producibility Objectives in Design
Considerations should include, but not be limited to the issues shown in Figure 7-3.  Too often, it is

assumed that designing for the use of existing tooling is the most economical approach, without giving due
consideration to new more economical materials and processes.  Further, designers also tend to design around their
existing processes without due consideration to ongoing manufacturing technology developments.  This can have
detrimental effects on producibility which may result in excessive engineering change orders.  The producibility
plan discussed later in this Chapter should identify the contractor’s system of review of engineering design to
assure that the composite of characteristics which, when applied to equipment design and manufacturing planning,
leads to the most effective and economic manufacturing approach.
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PRODUCIBILITY ENGINEERING AND PLANNING
The primary purpose of producibility engineering and planning (PEP) is to ensure a smooth transition

from development to production.  To accomplish this objective, the PEP effort must be an explicit part of the
developmental activity and encompass those tasks necessary to assure weapon system or element producibility prior
to quantity production.  It should be noted that DODD 4245.6, “Defense Production Management,” requires a
contractually authorized PEP activity as part of the engineering development.

The Focus of Producibility Engineering and Planning
The focus of the PEP effort is evaluation of the systems design as it evolves to identify potential manufac-

turing problems and to suggest design trade-offs which would facilitate the manufacturing process.  In order to
ensure contractor availability of the necessary disciplines, such as those required to develop data packages, design
special purpose production equipment and perform computer modeling or simulation of the manufacturing process
from a producibility assessment standpoint, a Statement of Work (SOW) must be developed to establish both
general and specific requirements.

Objectives and Funding
The objectives of PEP can be segregated between producibility engineering design criteria described

above, and the producibility planning data requirements as shown in Figure 7-4.  With approximately 60 percent of
weapons system acquisition dollars expended in the production phase, it is important that the Request for Proposal
for earlier program phases clearly identify the government’s PEP needs.  This is especially important because
contractor PEP efforts will be dependent on the level of funding provided by the government in this area.  Thus,
the early identification of design criteria and data requirement objectives, along with the corresponding funding,
will be instrumental in achieving meaningful results.  Clearly, the requirements govern the level of contractor
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effort.  The contractual provisions, as well as corresponding Contract Data Requirements List and definitive data
items, should reflect individual program needs.  Special emphasis should be placed on producibility training for
design, manufacturing, and quality assurance engineers.  The training is likely to eliminate the chasm which often
exists between these engineers.  By implementing an adequately funded PEP effort early in the engineering design
cycle, a strong manufacturing program will emerge.

Contract Functions
The program manager should ensure that PEP objectives are identified early in the development cycle and

that corresponding levels of funding will be available.  As indicated by Figures 7-3 and 7-4, the SOW items
establishing the PEP effort may involve many specialized contract functions and monitoring organizations.  For
example, in designing to meet prototype fabrication and low rate initial production schedules, special hard and soft
production tooling and special test equipment requirements will normally be generated, requiring the use of
attendant government property clauses.  These clauses differ as a function of contract type (cost or fixed-price),
degree of competition (sole-source or competitive), and category of government property.  Because contractors may
be influenced by factors such as desire to use contractor-peculiar capabilities and proprietary process/equipment, or
to maintain a certain work force skill mix, the government’s program management organization must include the
flexibility to ensure focus on program goals.  Government production engineers must be continuously involved
with contractor design engineering in order to evaluate design proposals (such as specifications, trade-off studies
and producibility analyses), configuration management, and production plans.

Producibility Engineering and Planning Measures
The purpose of PEP is to ensure that material designs reflect good producibility considerations prior to

release for manufacture.  PEP measures include the engineering tasks undertaken to ensure a timely and economic
transition from development to production.  PEP measures also include the confirmation of producibility during
the latter stages of development.  The objectives of PEP include, but an not necessarily limited to, the areas shown
in Figure 7-5.
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Producibility considerations can have extended horizons beyond conventional and existing production
capabilities.  For example, consider:

1) Computer modeling or simulation of manufacturing processes to assess producibility.

2) Performing risk analysis of new manufacturing processes.

3) Determining the need for manufacturing technology development efforts.

4) Group technology considerations in part design and fabrication plan.

5) Planning for new plant layouts.

6) Exploitation of foreign manufacturing technologies for enhanced producibility.

Application of Producibility Engineering and Planning in the Acquisition Process
PEP efforts are funded early enough to be essentially complete by the end of the full-scale development

phase of a program.  PEP should be started early in the acquisition cycle as shown in Figure 7-6 to preclude
reiteration of designs resulting from changes brought about by producibility analyses.  The efforts accomplished
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during the full-scale development phase will primarily address producibility of critical components, and extend
sufficiently into the low rate initial production phase to ensure producibility analysis of the total end item.  Simul-
taneously, it will assure the adequacy of the technical data package.  This includes changes resulting from low rate
initial production.

PEP should be treated as a separate task in a research, development, test and evaluation project and
should have complete visibility and traceability during the project.  To ensure this visibility, the subject of
producibility should be an agenda item at all program reviews and production readiness reviews.

Responsibility for Producibility Engineering and Planning Effort
The program manager is responsible for planning, budgeting and contractually specifying PEP efforts.

The contractor is responsible for the effective execution of the PEP program.  In achieving a producible design, a
contractor has numerous tools available to him; however, none is more important than a well-engineered and well-
executed producibility program plan.

PRODUCIBILITY PROGRAM PLAN
The producibility program plan details the organizational structure, authority, and responsibilities of the

personnel that will be utilized to monitor producibility and perform the required analyses. Normally prepared by
the contractor for the PM, the plan should outline organizational functions, methodology, objectives, and reporting
procedures that will be used to ensure producibility in the design of an item.  The importance of the program plan
as a contractual clause cannot be overemphasized.  A producibility analysis will often involve data that will require
a predetermination of rights to proprietary data.  Many manufacturers classify their manufacturing process
information as proprietary and it is advisable to clarify this point with a contract clause on the predetermination of
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rights.  It must be recognized that some processes are proprietary and will remain so.  It will frequently be neces-
sary to purchase producibility engineering as a data item under a research and development contract for an end
item.  To assist the program office in the preparation of the data item description, the information in the following
paragraphs may be helpful.

Data Item:  Producibility Program Plan
The producibility program plan permits the determination of the manufacturer’s ability to maximize the

system, subsystem, and/or component producibility through the utilization of an effective organization to identify,
establish, and accomplish specific producibility tests and responsibilities.  This data item description is applied
when the producibility task has been included in the contract statement of work.

The contractor’s producibility program, which is documented in the producibility program plan, should
contain (but not be limited to) these items:

1. A detailed listing of tasks and procedures used to conduct the producibility program.

2. A description of each task.

3. An identification of the unit or persons having the task assignment and their responsibility and authority.

4. An assessment of known or potential problem areas and their impact on the progress of the program.

5. A milestone planning chart or other graphic portrayal of scheduled events.

6. The plan shall provide for and schedule producibility analyses to be conducted on each design concept being
considered.

7. Alternate approaches will be reported.

8. Detailed procedures and checklists for accomplishing the producibility analyses prepared for design reviews.

Data Item:  Producibility Analysis
The producibility analysis plan permits the evaluation of manufacturer’s methods of conducting the

analysis to determine the most effective manufacturing methods of the end product.  This data item description can
be applied throughout the acquisition cycle of any program whose end result is a production program.  The purpose
is to assure that the systems, subsystems, and component designs meet the standards of producibility.

In establishing a requirement for producibility analyses, the PM may require the contractor to develop an
appropriate set of checklists applicable throughout all the program phases.  The checklists in Figure 7-7 should aid
manufacturers in performing productivity analysis.
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CONTRACTOR ORGANIZATION FOR PRODUCIBILITY
There are a number of alternatives for the contractor when organizing to achieve producibility.  Four

approaches often used are:

1. Assign responsibility for the achievement of producibility to those personnel in the various existing functions
as a part of their basic work tasking.
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2. Assign responsibility for producibility engineering to an existing product or design engineering function.
They already have responsibility for product design and consequently are in the best position to ensure
producibility in the design.

3. Assign responsibility for producibility to the production or manufacturing engineering function.  They are
already in the best position to understand the production processes and their effect on producibility.

4. Establish a new function of producibility engineering and staff it with personnel of product engineering and
manufacturing engineering background with emphasis on the latter.

Each of the listed alternatives offers some benefits and each has its limitations.  Since producibility in an
interdisciplinary activity, the fourth alternative is strongly favored.  However, it may not be entirely suitable.  Split
responsibilities can be the spawning ground of management indecisiveness.  A division of responsibilities for the
achievement of a specific task not only impedes the ability to address the task as a whole but at the same time
undermines the assignment of accountability.  The specific approach to be utilized on any individual program
should be dictated by the facts and circumstances of that program.  It should be noted that the inclusion of the
responsibility for producibility within an organization with a potentially incompatible function can result in a less
than acceptable execution of the producibility responsibility.  In this regard the program manager might consider
the potential benefits of the contractor establishing a new function for the producibility task.

The establishment of a new function with primary responsibility for producibility engineering can take
many forms:  (1) it can be a completely new organization; (2) it can be a review team made up of personnel from
currently assigned project functions, or; (3) it can be a permanently assigned committee made up of personnel
currently assigned to functional areas.  Whether the organization consists of a permanent staff, or a part-time staff,
is not significant, for such organizations function in much the same manner.  There is also a need, because of the
accelerating advances being made on materials and processes, for an organization which allows for a close interac-
tion between design and manufacturing.

Considering the technology explosion of recent years and the number of new processes and materials that
are currently being developed, it would seem wise to bring materials specialists into the areas of manufacturing
and test and evaluation, as well as specialty vendors, into the design process at an early stage.  This can be done in
various ways and might involve such people as process engineers, cost analysts, tool engineers, industrial engi-
neers, quality control engineers, chemists, and metallurgists.  Consequently, the form of the new organization is
not important to this discussion.  The main point is that detailed interaction should occur between the product
design engineers and such personnel having specific knowledge of the available manufacturing technologies and
their relevant costs.

VALUE ENGINEERING
Value engineering (VE) is based on the concept that a design will cost less to manufacture if it is value

engineered from its inception.  However, initial product design often precedes or is accomplished independent of
selection of a manufacturing system and VE then operates as a reappraisal of a design.

VE brings together all the specialized knowledge within an organization.  If representatives from engi-
neering, methods, manufacturing, and quality are brought together as a VE team activity, the value characteristics
may be determined and significant benefits in cost reduction, reduced manufacturing time, and improved quality,
may be realized.

DOD Policy
DOD policy has always been to encourage value engineering because it saves money.  Increasing emphasis

in the 1980’s led to Congressional interest in 1987 and the OMB Circular A-131 in January, 1988.  Policy has
shifted from DOD encouragement to OMB directed use of Value Engineering Program Requirements Clauses for
contracts in initial production or research and development, unless a waiver is justified.  Agencies are now
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required to “actively elicit” Value Engineering Change Proposals (VECP’s) from contractors and are to emphasize
VE to government and contractor personnel.

Elements
There are seven basic elements of the VE methodology, although they may not always be distinct and

separate.  In practice, they often merge or overlap.  The seven elements referred to are:

1. Selection of Product — Selection of the hardware system, subsystem, or component to which VE efforts are to
be applied;

2. Specification of Function — Analysis and definition of function(s) that must be performed by the hardware;

3. Collection of Information — The pulling together of all pertinent facts concerning the product; i.e., present
cost, quality and reliability requirements, development history, and the like;

4. Development of Alternatives — The creation of ideas for alternatives to established design;

5. Selection of Alternatives — Estimation of the cost of alternatives and the selection of one or more of the more
alternatives for testing of technical feasibility;

6. Test and Verification — Test of alternatives(s) to ensure it/they will not jeopardize fulfillment of performance
(functional) requirements;

7. Submittal of Proposal and Follow-Up — Preparation and submission of a formal VE change proposal.

As an organized discipline, the VE effort should comprise all seven elements.  In some contracting
agencies or firms, these elements of the VE job are assigned as collateral responsibilities to design engineers,
production engineers, purchasing specialists, or engineering cost analysts under the assumption that, collectively,
VE efforts are being accomplished.

Another means of describing the substance of the above elements is to point out that performing the effort
describes answers to the following questions about a
product:

1. What is it?

2. What does it do?

3. What is it worth?

4. What does it cost?

5. What else might do the job?

6. What would that cost?

Value Engineering in the Contractual Environment
The objective of VE in defense contracts is to reduce the cost of acquisition and/or ownership to the

government.  In addition VE is also used to enhance the worth of effectiveness of the system.  To accomplish these
goals, special contract clauses can be utilized (FAR 48.2).  These clauses can either allow or require contractors to
initiate, develop and submit cost reduction proposals during the performance of the contract.  Through the VE
clause, the contractor is offered the opportunity to share the attained savings with the DOD.

It should be noted that a contractor-generated value VECP may be submitted, and approved by the
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government, even if the contractor did not use VE techniques in developing the VECP.  However, in order for a
VECP to be accepted, a change to the contract must be negotiated.

Value Engineering Incentive Clause
The objective of this clause is to encourage contractors to develop and submit VECPs by providing for the

sharing of any savings, although the contractor is not required to do VE.  The clause merely describes the sharing
that will take place should the contractor submit a VECP which the government accepts.  Entirely permissive in
intent, it allows the contractor to ignore this provision and still otherwise perform under his contract.

Value Engineering Program Requirement Clause
The objective of the VE program requirement clause is to reduce development, production, or use costs by

requiring the contractor to establish a VE program.  This clause should be used when a sustained VE effort at a
predetermined level is desired.  The VE program requirement is a separately priced line item in the contract and
may apply to all or to selected phases of contract performance.

There are two sources of savings to be shared under the VE clauses.  These are acquisition savings and
collateral savings.  Each will be described in the subparagraphs that follow.

Acquisition Savings
The FAR provides guidance on the meaning of instant, concurrent, and future contracts.  For computing

instant savings, the instant contract does not include supplemental agreements, options, add-ons, or other quantity
modifications entered into after the VECP is approved.  These savings become future acquisitions in which the
contractor may share if there is such a sharing arrangement included in his contract.  Prior orders are considered to
be existing contracts; subsequent orders, future contracts.  For multiyear contracts, the instant contract shall be the
funded contract at the time the VECP is approved, and items purchased under subsequent funding under this
contract shall be treated under the future contract VE sharing provisions.

In regard to computing instant cost savings and the net amount to be shared, FAR provides that the
government’s cost to develop and implement the change is also included in computing the net savings to be shared.

Collateral Savings
Collateral savings are those measurable net reductions in the cognizant military department’s overall

documentable projected cost of operation, maintenance, logistic support, or government furnished property (GFP)
when such savings result from the VECP submitted by the contractor — whether or not there is any change in the
acquisition cost.  The collateral savings may be excluded from a contract or class of contracts when it is deter-
mined that the cost of computing and tracking collateral savings will exceed the benefits to be derived.


